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Summary inertia properties. A comparison of the mechanical 
properties for the two tire designs is also presented. 
The tires and wheel assemblies were supplied by 
the u.s. Air Force, although the bias-ply and radial- 
belted tires were from two different manufacturers. 
Prior to static loading tests at Langley, each tire was 
preconditioned at the Wright Aeronautical Laborato- 
ries, Vehicle Equipment Division, with miles of taxi 
tests at 30 mph at rated load and inflation pressure. 
An investigation was conducted to determine the 
static mechanical characteristics of 30 x 11.5 - 14.5 
bias-ply and radial-belted aircraft tires. The tire 
characteristics were determined by application of 
vertical and lateral loadings. Mass moment of inertia 
data were also obtained. The results of the study 
are presented to show static load deflection curves, 
spring rates, hysteretic losses, and inertia data. The 
Construction of Bias-ply and Radial-Belted 
Design 
advantages and disadvantages of each type of tire are 
also given. 
Introduction Construction details for the bias-ply and radial- 
Radial-belted tires have been used in the auto- 
motive industry for more than 20 years. Despite the 
benefits of radial-belted automotive tires (i.e., longer 
tread life, cooler operating temperatures, and im- 
proved friction characteristics), the general belief in 
the aircraft landing-gear industry up until 1980 was 
that the mechanical properties of these radial-belted 
tires were unacceptable for aircraft use. For example, 
landing-gear designers were concerned about lateral 
forces during crosswind landings (ref. 1) exceeding 
tire-wheel coupling capability, about tire fore-and-aft 
stiffness characteristics degrading the performance 
characteristics of aircraft antiskid braking systems 
(ref. 2), and about the adverse influence of greatly 
reduced tire vertical stiffness characteristics on air- 
craft landing dynamics response. 
Continuing research efforts of several tire man- 
ufacturers, however, have resulted in radial aircraft 
tire designs which appear to overcome many of the 
problems and have been successfully tested on sev- 
eral different aircraft (ref. 1). Thus, the benefits as- 
sociated with radial-belted automotive tires may also 
be realized for radial-belted aircraft tires. The emer- 
gence of technology for radial-belted aircraft tires has 
also created a need for a data base of the mechan- 
ical properties of radial-belted tires for use in the 
prediction of landing-gear dynamic response charac- 
teristics. The NASA Langley Research Center, in co- 
operation with the Federal Aviation Administration 
and the US. landing-gear industry, has initiated a re- 
search effort to study the mechanical properties and 
friction characteristics of radial-belted and bias-ply 
tires under a variety of operating conditions. 
The purpose of this paper is to present static load- 
ing results from an investigation of the mechanical 
characteristics of 30 x 11.5 - 14.5 bias-ply and radial- 
belted aircraft tires. Static characteristics were ob- 
tained over a range of inflation pressures from 245 
to 310 psi, vertical loads up to 25000 lb, and lat- 
eral loads up to 4000 lb. The parameters measured 
included tire stiffness characteristics, damping, and 
belted 30x 11.5 - 14.5 tires are shown in figure 1. The 
bias-ply tire is constructed of numerous laminates of 
rubber-textile plies that alternate at various angles 
from 60' near the tire bead to 30' near the crown 
area of the tire. Multiple bead wires on each side 
of the tire hold together the large number of plies 
and form a torus-like shell. The bias-ply tire has a 
24-ply rating, and additional plies are laid at some 
specified angle between the tire carcass and the tread 
to provide tread reinforcement. The highly stiffened 
shell and weight of the tire are a result of the ply 
assembly and multiple-ply casing (ref. 1). 
The radial-belted tire uses fewer plies of higher 
denier textile cords than the bias-ply tire, which 
results in a weight and volume reduction. The radial- 
belted tire has casing plies approximately oriented in 
the plane of the tire cross section, and its size and 
load-carrying requirements determine the number of 
plies in the tire. Generally, only one steel-bead wire is 
needed on each side of the tire, as opposed to multiple 
bead wires in the bias-ply tire. For the radial-belted 
tires used in this investigation, a textile cord belt 
surrounds the casing of the tire circumferentially, and 
a steel belt surrounds the cord belt and acts as a 
protector ply. The radial-belted tire has a 26-ply 
rating (ref. 1). Characteristics of the two types of 
tires are given in table 1, and the tires are shown in 
figure 2. 
Apparatus and Test Procedure 
The bias-ply tire was tested at an inflation pres- 
sure of 245 psi and the radial-belted tire was tested at 
an inflation pressure of 310 psi. The inflation pres- 
sures correspond to a 35-percent tire deflection at 
the rated load of 25000 lb. The radial tire was also 
tested at an inflation pressure of 245 psi, which cor- 
responds to a 51-percent tire deflection at the rated 
load of 25000 lb. Hence, experimental data were 
obtained for the bias-ply and radial-belted tires 
at the same tire deflection and the same inflation 
pressure. 
The test fixture used to measure the mechanical 
properties of the test tires under static conditions 
is shown in figure 3. The tire-wheel-axle assembly 
was mounted on a dynamometer that was instru- 
mented with five strain-gauge beams. Two of the 
beams were used to measure the vertical load, one 
beam was used to measure the lateral load, and two 
beams were used to measure the drag load. The test 
fixture has one hydraulic cylinder, which applied ver- 
tical load to the dynamometer and loaded the tire 
onto a frictionless table. Another hydraulic cylinder, 
which was mounted in series with the table, applied 
lateral load to the tire. The table was instrumented 
with three load cells mounted to measure the vertical 
load (fig. 3) and one load cell mounted to measure the 
lateral load (fig. 4). Displacement transducers were 
mounted parallel to each hydraulic cylinder to mea- 
sure tire vertical and lateral displacements. Output 
data from the various instruments were recorded by a 
computer (fig. 5) in 1000-lb intervals for the vertical- 
load tests and in 375-1b intervals for the lateral-load 
tests. Subsequent to the tests, the data were con- 
verted into engineering units and saved for further 
analysis and evaluation. Figure 6 is a block diagram 
of the instrumentation layout used to obtain data. 
Static pure vertical-loading tests were conducted 
to measure tire vertical spring rate and energy 
loss associated with hysteresis using test procedures 
reported in reference 3. In these tests, load was 
applied hydraulically until the maximum-rated load 
of 25000 lb was reached; the load was then grad- 
ually reduced to zero. Vertical load and deflec- 
tion were continuously monitored during the loading- 
unloading cycle to produce a load-deflection curve or 
hysteresis loop. Such data provided an indication of 
tire vertical-loading behavior and defined the vertical 
spring rate and the hysteretic loss (ref. 3). For these 
tests, measurements were taken at  four different pe- 
ripheral positions around each tire. 
Lateral-loading tests were conducted to measure 
tire lateral spring rate and energy loss due to hystere- 
sis (ref. 3). Vertical load was applied and maintained 
at the tire-rated load of 25000 lb. Lateral load was 
gradually applied up to a load of 4000 lb, then re- 
duced to zero; the same loading procedure was then 
repeated in the opposite direction. Lateral load was 
limited by tire slippage to the 4000-lb value for the 
bias-ply tire and 3000 lb for the radial-belted tire. 
A load-deflection curve was obtained from these re- 
sults, which define the tire lateral-loading character- 
istics, lateral spring rate, and hysteretic loss. Lat- 
eral tire deflection was measured perpendicular to 
the wheel plane. This deflection was assumed to be 
equivalent to the displacement of the frictionless ta- 
ble and was measured by a displacement transducer 
(fig. 4). The static lateral-loading tests were also con- 
ducted at four different peripheral positions around 
each tire. 
Mass moment of inertia of the tires was measured 
using a torsional pendulum (ref. 4), shown in figure 7. 
The torsional pendulum used for these tests consisted 
of two 24-in.-diameter plates bolted together and 
suspended in parallel by three equally tensioned, 
17-ft wire cables attached to an overhead support. 
The tare moment of inertia of the two plates 
was initially determined. Similar tests were con- 
ducted with the inflated tire, with the wheel as- 
sembly, and with the rotors suspended between the 
plates. Weight of the plates and tire-wheel assembly 
were recorded. References 5 and 6 contain a detailed 
description of the use of torsional pendulums for de- 
termination of moment of inertia. 
Error Analysis 
The results and discussion of random-error cal- 
culations are presented in this section. Spring con- 
stants were obtained by measuring the slope at spe- 
cific points of load application and load relief between 
the extremes of the hysteresis loop. Slopes at the 
upper limit of the curve were not considered because 
of the uncertain value of the turnaround point as a 
result of the mechanical-system limitations. In an 
effort to quantify the error on slope measurement, 
the average slope and average deviation of the slopes 
were computed at each specific point for four periph- 
eral positions on the tire. The ratio of the average 
deviation to the average slope was then considered 
to represent the percentage of error (ref. 6). Verti- 
cal and lateral spring-rate data for the bias-ply tire 
were 4.49 percent and 6.4 percent in error, respec- 
tively. Vertical spring-rate data for the radial-belted 
tire were 3.20 percent in error at an inflation pres- 
sure of 245 psi and 2.15 percent in error at an infla- 
tion pressure of 310 psi. Lateral spring-rate values for 
the radial-belted tire at inflation pressures of 245 and 
310 psi were 3.70 percent and 5.0 percent in error, re- 
spectively. The area of each load-deflection loop was 
measured three times. Average area and average de- 
viation of the area were then computed to obtain the 
percentage error. Vertical load-deflection loops had 
a 1.03-percent error for the bias-ply tire and 1.65- 
percent and 2.59-percent errors for the radial-belted 
tire at inflation pressures of 245 and 310 psi, respec- 
tively. For the lateral load-deflection loops, percent- 
ages of error were found to be 0.94 percent for the 
bias-ply tire and 2.66 percent and 3.44 percent for 
the radial-belted tire at inflation pressures of 245 and 
310 psi. 
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Accuracy of the experimental data points has 
been computed based on calibration and instrumen- 
tation accuracy. Reading errors from all nine chan- 
nels of data were computed; the voltage readings plus 
or minus the manufacturer’s instrumentation accu- 
racy factors were taken as theoretical values, and the 
voltage readings themselves were taken as experimen- 
tal values. Experimental values were subtracted from 
the theoretical values and divided by the theoretical 
values to obtain the percentage of error. Maximum 
and minimum voltage responses from each channel 
were considered and analyzed. Large error percent- 
ages were expected for low voltage response because 
of the voltage ranges available for each sensor. Cal- 
ibration errors were obtained from linear curve fit- 
tings that were obtained by calibrating the load cells 
in the test setup. Calibration and instrumentation 
percentage errors were then added to the reading er- 
rors to obtain the total error percentage. 
Standard vertical-load data from the load cells 
were 0.61 percent in error for both minimum and 
maximum voltage. Lateral standard-load data were 
0.66 percent and 0.61 percent in error for minimum 
and maximum voltage, respectively. Vertical and lat- 
eral displacement readings both indicated a 0.6 per- 
cent error for both voltage conditions. 
To compute the error for the polar moment of 
inertia values, the error for each term of equation (2) 
was found individually by using the same method 
described previously for the slope, for the area, and 
then for a combination of both. Each individual 
percentage of error was multiplied by the power it 
was raised to in the equation and then squared to 
obtain its square contribution. The square root of the 
sum of the square contributions was then considered 
as the total error. Polar moment of inertia was found 
to be 3.10 percent in error for the bias-ply tire and 
3.12 percent in error for the radial-belted tire. The 
major source of error of the individual terms in these 
calculations was the measurement of the radius of the 
plates; there was an average deviation of 0.06 in. 
b 
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Results and Discussion 
Static Vertical Loading 
Static vertical-loading tests were made for two 
30 x 11.5 - 14.5 bias-ply and radial-belted tires. Re- 
sults of these tests are presented to show vertical- 
load-deflection curves, vertical spring rate, and hys- 
teretic losses. Table 2 gives static vertical-load data 
in engineering units. 
Load deflection. Four load-deflection curves were 
generated for each tire. A typical load-deflection 
curve for the bias-ply tire is shown in figure 8, where 
the lower bound of tire vertical stiffness is represented 
by the load-application curve, and the upperbound 
of tire vertical stiffness is represented by initial load 
relief (ref. 3). The data in figure 8 show that the 
vertical deflection is nonlinear at the initial load ap- 
plication up to 6000 lb (0.75-in. deflection) and at the 
maximum load-deflection point of 25 000 lb (2.4-in. 
deflection) but linear over the majority of the load- 
application range. Analagous load-deflection char- 
acteristics apply to the load-relief range. Also, the 
loading and unloading process shows some hysteresis 
as a result of energy loss during this process. Similar 
load-deflection curves were obtained for the radial- 
belted tire at inflation pressures of 310 and 245 psi. 
(See figs. 9 and 10.) Data in the figures indicate that 
the load deflection is nonlinear during the entire load- 
application and load-relief cycles. 
Spring rate. Vertical spring rate was obtained by 
measuring the instantaneous slope at various points 
along the vertical load-deflection curves. Vertical 
spring rate for the bias-ply tire is plotted as a func- 
tion of vertical deflection in figure 11. A regression- 
analysis technique was used to fit a curve through 
the spring-rate data. At initial load application, 
the spring rate increases linearly from 7500 lb/in. to 
11 500 lb/in. and remains constant at this maximum 
value for the remainder of the load application. A 
maximum spring constant of 15 000 lb/in. is observed 
at initial load relief and is nonlinear as it decreases 
to 11 500 lb/in. 
Vertical spring rates for the radial-belted tire at 
inflation pressures of 310 and 245 psi are shown as 
a function of vertical deflection in figures 12 and 
13, respectively. For both inflation pressures, the 
tire spring rate is nonlinear during the load appli- 
cation and initial load relief. The maximum spring 
rates for the radial-belted tire were 14 500 lb/in. and 
11 500 lb/in. at 310 psi inflation pressure and 245 psi 
inflation pressure, respectively. 
Data in figures 11 and 12 indicate that the vertical 
stiffness characteristics of the bias-ply tire at an 
inflation pressure of 245 psi and the radial-belted tire 
at an inflation pressure of 310 psi are very similar. 
One implication of the similarity of these results 
is that the landing dynamic characteristics of an 
aircraft equipped with this radial-belted tire would 
be similar to those of one equipped with a standard 
bias-ply tire. Data in figures 11 and 13 indicate that, 
as a result of the lower inflation pressure of 245 psi, 
the radial-belted tire is less stiff than the bias-ply 
tire. 
Hysteretic loss. Hysteretic loss is represented 
by the enclosed area of the curves presented in 
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figures 8 through 10. As can be seen, the hysteresis 
is less for the radial-belted tire at an inflation pres- 
sure of 310 psi than for the bias-ply tire. This dis- 
tinction suggests that there is less heat generated in 
the radial-belted tire during the loading and unload- 
ing cycle. The hysteresis for the radial-belted tire at 
245 psi inflation pressure is greater than for the bias- 
ply tire at the same inflation pressure (figs. 8 and 10) 
because of the radial-belted tire deflection of 51 per- 
cent versus the bias-ply tire deflection of 35 percent. 
The average vertical hysteresis is 2819 in-lb for the 
bias-ply tire, 2547 in-lb for the radial-belted tire with 
an inflation pressure of 310 psi, and 2945 in-lb for the 
radial-belted tire with an inflation pressure of 245 psi. 
Static Lateral Loading 
Static lateral-loading tests were made for 30 x 
11.5 - 14.5 bias-ply and radial-belted tires. Results 
of these tests are presented to show load-deflection 
curves, lateral spring rate, and hysteretic loss of 
the tires. Static lateral-load data are presented in 
table 2. 
Load deflection. A typical lateral-load-deflection 
curve for the bias-ply tire is shown in figure 14. Af- 
ter the rated load of 25000 Ib was applied vertically, 
the tire was loaded laterally, beginning at zero lateral 
load. Data in figure 14 show that the lateral deflec- 
tion is linear at the initial load-application range up 
to approximately 0.2 in. The remainder of the load- 
application curve is linear, but at a less-steep slope. 
This less-steep slope indicates a much stiffer spring at 
initial load application. Similar load-deflection char- 
acteristics apply to the load-relief range and to the 
loading and unloading cycle in the opposite direction. 
Figures 15 and 16 are plots of the lateral-load- 
deflection curve of the radial-belted tire at inflation 
pressures of 310 and 245 psi, respectively. The load 
was applied in a similar manner as for the bias-ply 
tire, and similar spring stiffness relationships were 
observed for the radial-belted tire at each inflation 
pressure. However, the maximum lateral load was 
f3000 Ib because of tire slippage on the frictionless 
table that prevented testing to higher loads. 
Spring rate. The lateral spring rates for each 
tire are determined from the instantaneous slope of 
the lateral-load-deflection curves. In figure 17, the 
lateral spring rate for the bias-ply tire is plotted 
as a function of lateral deflection, and a regression 
analysis is used to fit a curve through t,hese points. 
The spring rate is linear during the load-application 
cycle and nonlinear at initial load relief, where the 
maximum spring rate of 8000 Ib/' in occurs. 
The lateral spring rate for the radial-belted tire is 
shown in figures 18 and 19. As with the bias-ply tire, 
the slope of the lateral-load-deflection curve for the 
radial-belted tire at an inflation pressure of 310 psi 
is nearly linear during load application, which results 
in a nearly constant spring rate of 4250 Ib/in. The 
maximum spring rate of 5300 lb/in. is obtained at 
initial load relief. The radial-belted tire at an infla- 
tion pressure of 245 psi has characteristics similar to 
the radial-belted tire at the rated inflation pressure 
of 310 psi. At initial load relief there is a maximum 
spring rate of 5000 lb/in. A comparison of the three 
spring-rate plots indicates that the lateral stiffness 
of the radial-belted tire with an inflation pressure of 
310 psi is nearly equivalent to that of the bias-ply tire 
with an inflation pressure of 245 psi. If the radial- 
belted tire is operated at 245 psi, its lateral-stiffness 
values are 13 to 20 percent less than for the bias-ply 
tire at the same inflation pressure. 
Hysteretic loss. Since the maximum lateral load 
was 1000 lb less for the radial-belted tire than for the 
bias-ply tire because of slippage problems between 
the radial-belted tire tread and the frictionless table, 
a comparison between the bias-ply tire and radial- 
belted tire could not be made. The hysteretic loss 
for the bias-ply tire is 1605 in-lb; the hysteretic loss 
for the radial-belted tire is 749 in-lb at an inflation 
pressure of 310 psi and 758 in-lb at an inflation 
pressure of 245 psi. The radial-belted tire expended 
more energy at the lower inflation pressure than at 
its rated inflation pressure. 
Mass Moment of Inertia 
The mass moment of inertia for each tire design 
and the tare inertia for the two pendulum plates 
(fig. 7) were calculated using the following equation: 
r2WR2 







mass moment of inertia, in-lb-sec2 
average period of system oscillation, sec 
weight of object being measured, lb 
radial distance from center of plate to 
support cables, in. 
length of support cables, in. 
The mass moment of inertia of the tire and rotat- 
ing parts is calculated using the following equation: 
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where 
2 Jplates = 4.35 in-lb-sec 
The respective moment of inertia values were 
31.51 in-lb-sec2 for the bias-ply tire and 27.74 in- 
lb-sec2 for the radial-belted tire. Thus, the moment 
of inertia of the radial-belted tire is 12 percent less 
than that of the bias-ply tire, which suggests that the 
radial-belted tire would require slightly less energy 
to spin up during the landing touchdown than the 
bias-ply tire. Less energy in spin-up could mean 
reduced tread wear for the radial-belted tire during 
high-speed landings. 
Conclusions 
An investigation has been conducted to deter- 
mine and compare the static mechanical character- 
istics of 30 x 11.5 - 14.5 bias-ply and radial-belted 
aircraft tires. Stiffness and damping characteristics 
were obtained from load-deflection curves under var- 
ious static loading conditions. Inertia properties of 
the test articles were obtained using a torsional pen- 
dulum. The results of this investigation indicate the 
following conclusions: 
1. Vertical stiffness characteristics obtained for the 
radial-belted tire and the bias-ply tire at inflation 
pressures of 310 psi and 245 psi, respectively, were 
similar. The radial-belted tire at an inflation pres- 
sure of 245 psi showed less vertical stiffness than 
the bias-ply tire at the same inflation pressure. 
2. Lateral stiffness of the radial-belted tire with an 
inflation pressure of 310 psi was comparable to 
that of the bias-ply tire with an inflation pressure 
of 245 psi. At 245 psi inflation pressure, the 
lateral stiffness of the radial-belted tire was less 
than the lateral stiffness of the bias-ply tire. 
3. Hysteretic loss of the radial-belted tire at an 
inflation pressure of 310 psi is significantly less 
than the hysteretic loss of the bias-ply tire at an 
inflation pressure of 245 psi under vertical loading 
conditions. This result indicates the radial-belted 
tire generates less heat during normal operation 
and, therefore, runs cooler. 
4. The radial-belted tire requires less energy to spin 
up than the bias-ply tire under the same touch- 
down conditions. Consequently, there could be a 
reduction in tread wear for the radial-belted tire 
during high-speed landings. 
NASA Langley Research Center 
Hampton, VA 23665-5225 
March 22, 1988 
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Rated vertical load, lb 
Rated inflation pressure at 
35 percent load deflection, psi 
Outside diameter of 
unloaded tire, in. 
Maximum carcass width of 
unloaded tire, in. 
Tread grooves 
Bias-ply 


















Table 2. Static-Load Test Data 
(a) Vertical loading 

























































































































































































































































































































Table 2. Continued 
(b) Lateral loading 











































































































































































































Table 2. Continued 
(c) Vertical spring rate 

























































































































































































































Table 2. Concluded 

































































































































































aData not available at this deflection. 
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Figure 1. Bias-ply and radial-belted tire construction. 
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Figure 2. Uninflated bias-ply and radial-belted 30 x 11.5 - 14.5 test tires. 
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Figure 3. Static test fixture. 
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Figure 6. Instrumentation logic. 
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Figure 12. Vertical spring rate of radial-belted tire at inflation pressure of 310 psi. 
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Figure 13. Vertical spring rate of radial-belted tire at inflation pressure of 245 psi. 
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Figure 14. Lateral-load-deflection curve of bias-ply tire at inflation pressure of 245 psi. 
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Figure 18. Lateral spring rate of radial-belted tire at inflation pressure of 310 psi. 
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Figure 19. Lateral spring rate of radial-belted tire at inflation pressure of 245 psi. 
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